110 ppm) along with the BBM medium as a control, in laboratory conditions. The experimental units consisted of 1 L Kimax® bottles constantly bubbled with air, illuminated using cool white light at ~300 µEm -2 s -1 and the temperature was maintained at 25°C. In the experiments, daily determinations of: Dry Weight (DW), nitrogen and phosphorus concentrations (N-NH 3 and Pi respectively), and Total Chlorophyll (Chl) were carried out. The reported results are the mean of three independents experiments.
Growth of C. vulgaris in real wastewater. Three independent experiments were carried out to evaluate the growth, biomass productivity and nutrients consumption of C. vulgaris from a real wastewater. The experimental units, experimental conditions and determinations were the same as those described previously.
Dry weight cell. The DW was quantified in duplicate by filtering 5 mL of culture through a previously weighted glass fiber filters (4.7 cm diameter) (Ahlstrom®). These filters were brought to constant weight by maintaining them at 105°C for 1 hour. To determine the dry weight of the biomass and to calculate the concentration in the culture, the formulas reports by Martínez-Roldán et al. 2014 were used.
Photosynthetic pigments. The biomass was centrifuged at 3500 rpm for 7 minutes; a known volume of acetone was added to the cell packet, vortexed and placed in a water bath at 70 ° C for 10 minutes. Once the pigments were extracted, the sample was centrifuged and the cell-free supernatant's absorbance at 470, 653 and 666 nanometers was determined. The concentrations of chlorophyll a by carotenoids were calculated according to Wellburn, 1994. Phosphorus. The concentration of inorganic phosphorus (Pi) in the culture medium was determined spectrophotometrically (at 660 nm) using the phosphomolybdate method using trichloroacetic acid as an oxidizer. A solution of KH 2 PO 4 (1mM) was employed as a standard according to (Taussky and Shorr 1953) .
Nitrogen. The nitrogen content of N-NH 3 was determined spectrophotometrically (at 640 nm) by the Phenate method using nitroprusside as a catalyst (Harwood and Kühn 1970) .
Statistical analysis. The results are the mean of three independent experiments and in the graphs the mean and the standard error are shown. The statistical analysis was done using GraphPad Prism 5 (GraphPad Software, Inc., USA). A two-way ANOVA was carried out followed by a Bonferroni post ANOVA test.
water, causes processes of eutrophication in the receptor water bodies. (Dodds and Smith 2016) . For this reason, the elimination of the nitrogen present in the effluents is essential before they can be safely discharged to other water bodies.
In the wastewater, the availability of the N-NH 3 depends directly of chemical conditions, such as temperature, pH, etc. (Cornet et al. 1992; Tan et al. 2016) . This is inconvenient, because these conditions can affect the growth of the microalgae, especially when the concentration is elevated. The N-NH 3 is toxic at high concentrations for microalgae because it inhibits the photosynthetic apparatus, specifically the electronic transport in the Electronic Transport Chain (Cornet et al. 1992; Soletto et al. 2005) . Ammonium toxicity influences the photosynthetic process by decoupling the ΔpH through the photosynthetic membrane, ammonia also increases the sensitivity of a PSII photodamage, without altering the respiration rate (Britto and Kronzucker 2002) Chlorella, is a genus reported as an efficient consumer of nitrogen and phosphorus from its culturing media. It is also used for the treatment of wastewater. Nevertheless, some strains have sensibility to high concentrations of N-NH 3 (Rehman and Shakoori 2001) ; so, the tolerance of every strain to ammonium has to be investigated prior to proposing it for the tertiary treatment of wastewater.
Due to this particular characteristic, this project has the objective to determine the tolerance of Chlorella vulgaris to different N-NH 3 concentrations to know its potential to remove nitrogen and phosphorus from wastewater. In a second stage the evaluation of this strain, the objective is to assess its consumption of nitrogen and phosphorus from real wastewater from a Wastewater Treatment Plant in Durango, Dgo. México. Domínguez, 1993 and Martínez-Roldán, 2008 , who employed Spirulina to remove nitrogen and phosphorus from both an effluent from an anaerobic wastewater treatment plant and a synthetic wastewater. To avoid the inhibition of the growth of Spirulina caused by high amounts of ammonium, they used a dilution ratio and cyclic batch cultures (Martínez-Roldán 2008) .
Materials and Methods

Chlorella vulgaris
The µ values of the cultures exposed to 44, 66 and 88 ppm NH 4 Cl did not show differences (p>0.05) between them. Nevertheless, the values are lower than those reported by other authors, because in this work air without CO 2 -enrichment was used (Hernández-Zamora et al. 2014 ). The interval of NH 4 Cl concentration can be considered as "optimal" for the growth of C. vulgaris LHE-Ch10. These results agree with those obtained by Liu et al., 2015 in their study of the effect of initial N-NH 3 concentration on the 3 Results and discussion
Tolerance of C. vulgaris to NH4Cl
All the cultures grew exponentially in the first 6 days, achieving final biomass concentrations from 0.3 to 0.49 g L -1 (Figure 1 and Table 1 ). Using the values of DW, an exponential fit was carried out to obtain the specific growth rate (µ). The experiments reached values from 0.12 to 0.21 d -1 (Table 1) and these values are similar to those reported for Chlorella species when they are employed for the tertiary treatment of effluents from different sources, such as agroindustrial, municipal and synthetic wastewater (Cañizares-Villanueva et al. 2001; Cañizares and Domínguez 1993; González et al. 1997; Martínez-Roldán 2008) .
The values of the µ for the experiments are shown in the figure 2, which describes a curve with a maximal value of 0.205 d -1
; this value corresponds with the culture Tan et al. (2016) reported important diminutions in both growth rate and biomass concentration when Chlorella was exposed to high levels of N-NH 3 , and they attributed the effect to the prevalence of free ammonia as result of the increase of the pH by the photosynthetic activity. The behavior of the concentration of N-NH 3 in the culturing media is shown in Figure 3 . All the experiments presented the same tendency. The nitrogen concentration decrease until the complete depletion of the ammonium; but the day when the nitrogen concentration was lower than the detection limit of the method depended on the initial concentration. In the culture at 22 ppm NH 4 Cl the nitrogen was completely consumed at 4 days, while the cultures at 44, 66, 88 y 110 ppm reached complete depletion of nitrogen at 7, 8, 8 and 9 days respectively.
The phosphorous was consumed more slowly than the nitrogen and presented a linear diminution for the entire experiment. The consumption rate of Pi was calculated employing the daily values of Pi concentration and are shown in the and are similar that those reported for different microalgae used for the elimination of this nutrient from different sources (Cañizares-Villanueva et al. 2001; González et al. 1997; Martínez-Roldán et al. 2014; Martínez-Roldán 2008) .
Many microalgae can consume high amounts of P i no matter whether the amount exceeds the cellular necessities or not. This is known as luxurious consumption (Cade-Menun and Paytan 2010; Kwon et al. 2013; Nasr et al. 2017) . Even, when high concentrations of P i were employed, the growth of microalgae can be observed, with an accumulation of pyrophosphate and polyphosphate. Both are chains of phosphate differentiated only by the length of the polymer (Cade-Menun and Paytan 2010; Rier et al. 2016) .
The concentration of Chl (Figure 4 ) presented the same behavior as the DW and all the cultures that were supplied with ammonium as their nitrogen source reached the highest values comparing with the control (Table 1) . Employing the biomass and chlorophyll concentrations we obtained the specific content of Chl; this parameter is important because it indicates the physiological status of the culture (Martínez-Roldán et al. 2014) . For all the experiments exposed to N-NH 3 , the specific content of ; different authors reported values from 15 to 30 for this parameter indicating a good status and an exponential growth (González et al. 1997; Martínez-Roldán et al. 2014 ).
Growth of C. vulgaris in real wastewater
An accelerated growth of C. vulgaris was observed when inoculated into real wastewater. The DW started at 0.063 ± 0.023 gL -1 reaching 0.267 ± 0.031 gL -1 (Figure 5 ) at the end of the experiment; these values represent a biomass productivity of 68 mg L -1 d -1
. The final biomass concentration and biomass productivity are lower than those reported for C. vulgaris in different studies and can be caused by insufficient nitrogen and phosphorus supply. The above is because the initial concentration of nitrogen was 5.70 ± 0.367 mg L -1 ( Figure 6 ) and this value is at least 5 electron transport chain and causes cell death. The cyanobacteria are more sensitive than green algae; Markou (2015) demonstrated that Chlorella vulgaris can resist concentrations of N-NH 3 , even 6 times higher than Spirulina. Therefore, the green algae are recommended for the tertiary treatment of wastewater (Cañizares and Domínguez 1993; González et al. 1997) .
In the present investigation, Chlorella vulgaris LHECh101 did not show inhibition until the ammonium concentration was lower than 110 mg L -1 . The behavior of the cultures were similar to those obtained by González et al., 1997 who used Chlorella vulgaris and Scenedesmus dimorphus for the removal of ammonium from wastewater. Also, they observed growth inhibition until the ammonium concentration was higher than 130 mg L -1 . C. vulgaris did not show any lag phase, demonstrating a high tolerance to N-NH 3 concentrations; nevertheless, the values of µ and biomass concentration were lower than those reported by other authors (Hernández-Zamora et al.
times lower than the initial content tested in the tolerance experiment. In the case of the phosphorus, the initial value was 14.16 ± 0.111 ( Figure 6 ) and this is three times lower than the concentration of P i in BBM; nevertheless, the microalgae consumed high amounts of phosphorus but only 10 mg was required to produce 1 g of biomass.
The nitrogen consumption rate was 1.9 mg L -1 d -1
, this value is almost 75% lower than the value obtained in the culture exposed to 22 mg L -1 NH 4 Cl (Table 1) ; this reduction explains the differences in DW and Chl between both experiments.
Discussion
The use of microalgae to the tertiary treatment of wastewater has a limiting factor due to the toxicity of free ammonia to photosynthetic apparatus (Rehman et al. 2006) ; this is caused by the uncoupling of the Liu et al. 2015; Tan et al. 2016) . This is caused by a deficiency in other nutrients; considering that the light, nitrogen and phosphorus were supplied in excess, the only limiting factor can be the carbon. The cultures were bubbled with air without CO 2 enrichment, so C. vulgaris has the necessity of a supplement of CO 2 to reach higher biomass concentration (Tan et al. 2016) and this can cause an increase in the final biomass concentration obtained.
The microalgae can consume high amounts of phosphorous and in the present study there is no relation between the amount of ammonium and the consumption of phosphorus. This is because this nutrient is consumed in excess by microalga, which can even accumulate phosphorus in the cytoplasm as polyphosphate bodies. For that reason, there is no direct relationship with growth (Cañizares-Villanueva et al. 1994; González et al. 1997; Martínez-Roldán et al. 2014; Martínez-Roldán 2008) .
Another strategy is modifying the initial biomass concentration. This is because higher initial concentrations diminish the inhibitory effect of the ammonia nitrogen, but if the biomass concentration is too high the amount of nitrogen can be insufficient to maintain the exponential growth of the culture. An increase in the pH is also effective, but can cause large ammonia losses to the atmosphere. In some cases this is higher than 85% of the total ammonia causing a nitrogen depletion and diminution in the biomass concentration (Markou 2015) .
Conclusion
Chlorella vulgaris LHE-Ch101 presented a high tolerance to a wide interval of ammonium concentration and this permitted it to be propose for tertiary treatment of wastewater, focusing on the elimination of nitrogen and phosphorus. Also, the biomass produced in the process should be used to obtain a high value compound, such as pigments, lipids or carbohydrates in a bio-refinery approach. The obtainment of sub-products could help the economic feasibility of the process.
